Ion 



WORLD INTELLECTUAL PROPERTY OROAN^^C 
Ml\^ X Intemational Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) Inteniational PBtsot Classificafioii ^ : 
B62D 11/14 


Al 


(ll)Iiiteniatioiia] Poblicadoii Number: 
(43)Intoiiafioiial Publication Date: 


WO 91/10585 

25 July 1991 (25.07.91) 


(21) Intemational AppUcation Number: PCT/US90/00297 
Q2) International Filing Date: 16 January 1990 (16.0L90) 

(71)072) Applicants and Inraitors: GLEASMAN, Vernon, £. 
[US/US]; 11 Pondview Drive. Kttsford. NY 14534 (US). 
GLEASMAN. Keitii, E. [US/US]; 11 McCoord Woods 
Drive, Fairport, NY 14450 (US). GLEASMAN, James. 
Y. [US/US]; 1701 Laguna Loma Cove, Austin, TX 78746 
(US). 

(74) Agents: STEPHENS, Eugene. S. et al.; Eugene Stephens & 
Assodates, 56 Windsor Street, Rochester, NY 14605 
(US). 

(81) Designated States: AT (European patent), BE (European 
patent), BR, CA, CH (European patent), DE (European 
patent)*, DK (European patent), ES (European patent), 
FR (European patent), GB (European patent), IT (Euro- 
pean patent), JP, KR, LU (European patent), NL (Euro- 
pean patent), SE (European patent). 


Published 

With intemadonal seardt reporL 


(54) Tide: STEER-DRIVEN REDUCHION DRIVE SYSTEM 


PROPULSION 
DRIVE 


DIFFERENTIAL^ 
REDUCTION 
DRIVE 


PIVOT 
TURN 
BRAKE 



lit 


DIFFERENTIAL 
REDUCTION 
DRIVE 


110 ,^ „a 


dj'"//j 


4lA 


STEERING 
MOTOR 


(57) Abstract 

DifTerential reduction drives on opposite sides of a vehicle are steer driven by a pair of worm gears (110) meshed with 
worm wheels (1 1 1) inputting steering torque into each reduction drive. The worm gears are rotationally interconnected so that the 
steering torque applied to the reduction drives is respectively equal and opposite. The arrangement allows a simple steering con- 
trol shaft (46) to receive steering control torque for normal turning and driving torque for propulsion drive-assisted pivot turning. 
A pivot turn brake (120). applied to the drive torque train, can make pivot turning precise. 


* See back of page RPST yWAlLABLE COPY 


DESIGNATIONS OF ''DE' 


Until further notice, any designation of -DE" in any international application 
whose international filing date is prior to October 3. 1990, shall have ettect in me 
territory of the Federal Republic of Germany with the exception of the temtory of the 
former German Democratic Repubfic 


FOR THE PURPOSES OF INFORMATION ONLY 

of pamphlets publishing international 


Codes used to identify Slates party lo the PCX on the front 
applications under the PCX. 


AT 

Austria 

ES 

AU 

Australia 

Fl 

BB 

Barbados 

FR 

BB 

Belgium 

GA 

BP 

Burkina Faso 

GB 

BG 

Bulgaria 

GN 

BJ 

Benin 

CR 

BR 

Brazil 

HU 

CA 

Canada 

IT 

CF 

Central African Republic 

JP 

cx: 

Congo 

KP 

CH 

Switzerland 


a 

C&lc d*ivoin; 

KR 

CM 

Cameroon 

U 

cs 

Oechoslovaliia 

LK 

DE 

Germany 

LU 

DK 

Denmark 

MC 


Spain 
Hnland 
France 
Gabon 

United Kingdom 

Guinea 

Greece 

Hungary 

Italy 

Japan 

Democratic Peoplu*s Republic 
of Korea 

Republic or Korea 
Liechicnstcm 
Sri Lanka 
tujiembourg 
Monaco 


MC 

ML 

MN 

MR 

MW 

NL 

NO 

PL 

RO 

SD 

SE 

5N 

SU 

TO 

TC 

US 


Mali 

Mongolia 

Mauriuinia 

Malawi 

Netherlands 

Norway 

Poland 

Romania 

Sudan 

Sweden 

Senegal 

Soviet Union 

Chad 

Togo 

United States of America 


wo 91/10585 


PCT/US90/00297 


10 


- 1 - 

TITLE 

STEER-DRIVEN REDUCTION DRIVE SYSTEM 

BACKGROUND 

This invention arose from a search for a better 
way of steering track-laying vehicles, although the 
resulting discoveries also apply to many types of wheeled 
vehicles. Track-laying vehicles, such as tractors, are 
steered by a clutch and breike system that can unclutch 
the power to one track and brake one track while another 
track drives. Such arrangements are expensive and 
troublesome for many reasons, however. 

For example, disconnecting power to the left 
track of a tractor running on level ground tends to make 
the tractor turn left because the driving right track 
2^5 outdistances the left, but doing the same thing when the 
tractor is running downhill tends to make it turn right 
because the engine holds the right track back while the 
left rolls free. Braking tracks to slow down tends to 
straighten the line of travel so drivers must guard 
2Q against braking on curves. Also, the sharpest turn a 
track-laying vehicle can make is by braking one track 
while driving the other, and this stresses the braked 
track considerably. 

In searching for a better solution for these 
25 and other problems, we have discovered a way of imposing 
differential rotation on axle shafts for steer driving 
both track-laying and wheeled vehicles. Hany of these 
use differential reduction gear drives on opposite sides 
of the vehicle for turning drive wheels or sprockets, and 
2Q we have devised an effective way of applying our steer 
drive system to such reduction gear drives. Our system 
can simultaneously drive wheels or tracks forward on one 
side of a vehicle and backward on the other side to allow 
pivot turns around a central point without overly stress- 
2g ing tracks or wheels. Our system can apply main propul- 
sion drive torque to such pivot turns to accomplish them 
rapidly, if necessary. Our discovery also provides a 
steer drive that can avoid slip, even when traction is 
greatly different on opposite sides of the vehicle, and 
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can apply more power to the side with the greater trac- 
tion, to get the most from whatever traction is available. 
Our invention accomplishes these advances, by combining 
inexpensive and well-known components in ways that 
g produce improved results. 
SUMMARY OF THE INVENTION 

Our steer drive system uses a first unlimited 
slip differential connected for driving a pair of axle 
shafts and a second unlimited slip differential connected 
between a pair of control shafts. One of the control 
shafts is connected to one of the axle shafts for rotation 
in the same direction, and the other control shaft is 
connected to the other axle shaft for rotation in opposite 
directions. An input control gear meshed with a ring 
gear for the second differential can turn to rotate the 
control shafts and impose differential rotation on the 
axle shafts via the shaft connecting means. One wheel or 
track cannot slip in response to light traction because 
the axle shafts are geared together through the second 
differential. The control gear is preferably a worm gear, 
and the ring gear for the second differential is prefer- 
ably a worm wheel. Turning the control gear steers the 
vehicle because of the differential rotation this imposes 
on the vehicle's axle shafts driving wheels or tracks on 
25 opposite sides of the vehicle. 

For vehicles using reduction drives, the two 
differentials can be replaced by the differential 
capability of a pair of right and left differential 
reduction gears. Both driving and steering control 
torque can be supplied to the differential reduction 
gears on opposite sides of the vehicle, where the torques 
combine in a reduced drive for wheels or tracks. For 
reduction drive systems, we also prefer that steering 
control be input so as to turn, but not be turned by, the 
differential reduction gears. For making pivot turns 
more rapidly, we prefer a clutched power take-off system 
for diverting driving torque to the steering control 
input, since driving torque is not needed for propelling 
the vehicle forward or backward during pivot turns. 
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We have also devised a simple and effective way 
of Inputting steering control torque .to differential 
reduction gears on opposite sides of a vehicle. We do 
this by making the steering control Input element of each 
reduction drive Into a worm wheel so that a pair of worm 
gears, meshed with the worm wheels, can Input the 
steering torque to the reduction drives. Since the 
reduction drives cannot rotate the worm gears, steering 
control Is positive, whether the vehicle Is turning or 
not. This arremgement also simplifies the gearing, by 
taking advantage of input elements already available in 
the reduction drives. It requires a rotational intercon^ 
nectlon between the worm gears, and this can be a single 
steering control shaft with bevel gear sets on its ends. 
A single steering motor can rotate the steering control 
shafting, and a power take-off can help this rotation for 
propulsion drive-assisted pivot turns. A pair of steering 
control motors rotating the worm gears can divide the 
steering load, if desired. A pivot-turning brake, applied 
to the drive torque train, cam prevent rotation of drive 
Inputs during pivot turning, to ensure that pivot turns 
are precisely made. 
DRAWINGS 

Figure 1 is a partially schematic view of a 
preferred embodiment of a no-slip. Imposed differential 
according to our invention. 

Figure 2 is a partially schematic view of our 
Imposed differential applied to a wheel dyncuaometer. 

Figure 3 is a schematic view of a vehicle pivot 
turn made possible by our Imposed differential. 

Figure 4 is a schematic view of our no-slip, 
imposed differential applied to a reduction gear drive 
system. 

Figure 5 is a partially schematic cross-sec- 
tional view of a planetary reduction gear system for 
applying our invention to a spr\ing vehicle. 

Figure 6 is a partially schematic cross-sec- 
tional view of a planetary reduction gear system applying 
our invention to an unsprung vehicle. 
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Figures 7 and 8 are schematic views of alterna- 
tive drive arramgements for differential reduction gears 
systems • 

Figure 9 is a schematic view of a clutch system 
for a power tsdce-of f applying drive torque to the steer- 
ing control input for powering pivot turns. 

Figure 10 is a partially schematic cross-sec- 
tional view of a plsoietary reduction gear drive, similar 
to the drive of FIG. 6, and showing worm wheel and worm 
gear input of steering control torque. 

Figures 11-14 are schematic views of alterna- 
tive variations of our steer driven reduction drive 
system, using pairs of worm gears and worm wheels for 
input of steering torque. 
DETAILED DESCRIPTION 

An explanation of the operation and advantages 
of our invention follows a description of the basic 
preferred structure or configuration of our no-slip, 
imposed differential as best shown in FIGS. 1 and 2. 
STRUCTURE 

As applied to a vehicle as shown in FIG. 1, 
engine power input via shaft 11 turning gear 12 rotates 
ring gear 13 and case 14 of a conventional, unlimited 
slip differential 15 connected for driving a pair of axle 
shafts 16 and 17 on opposite sides of the vehicle. Diff- 
erential 15 is generally loiown and well understood in tiiB 
power transmission art and is suitGa3ly sissed to the 
vehicle being driven. This can range from small garden 
tractors and tillers up to large tractors and earth 
movers. Differential 15 is preferably a bevel gear 
differential lacking any limited slip devices so as not 
to impair differential rotation of axle shafts 16 and 17. 

A second differential 20, also of a conven- 
tional unlimited slip design, is connected between a pair 
of control shafts 22 and 23 that are interconnected in a 
driving relationship with axle shafts 16 and 17. One 
control shaft 23 and one axle shaft 17 are connected for 
rotation in the same direction, and another control shaft 
22 and another axle shaft 16 are connected for rotation 
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In opposite directions. This causes counter or differen- 
tial rotation of control shafts 22 and 23 as axle shafts 
16 and 17 rotate in the same direction and conversely 
causes differential rotation of axle shafts 16 and 17 as 
5 control shafts 22 and 23 rotate in the same direction. 

Gear connections between control shafts and 
axle shafts as shovm in FI6. 1 are preferred for larger 
and more powerful vehicles. These include axle shaft 
gears 26 and 27 fixed respectively to axle shafts 16 and 

10 17 and control shaft gears 32 and 33 fixed respectively 
to control shafts 22 and 23. Meshing axle shaft gear 26 
with control shaft gear 32 provides opposite rotation 
between axle shaft 16 and control shaft 22, and meshing 
both axle shaft gear 27 and control shaft gear 33 with 

15 idler gear 25 provides seoae direction rotation for axle 
shaft 17 cuid control shaft 23. 

Gear connections between control shafts and 
axle shafts are preferaibly incorporated into an enlarged 
housing containing both axle differential 15 and control 

20 differential 20. For a reason explained below, control 
differential 20 can be sized to bear half the force borne 
by axle differential 15 so that the complete assembly Ccoi 
be fitted within a differential housing that is not 
unduly large. 

25 Smaller or less powerful vehicles can use shaft 

interconnections such as belts or chains in place of 
ge8tring« Also, shaft interconnections need not be 
limited to the region of the axle differential and can be 
made toward the outer ends of the axle shafts. 

30 A gear or drive ratio between control shafts 

and axle shafts is preferably 1:1. This ratio can vary, 
however, so long as it is the same on opposite sides of 
the axle and control differentials. 

An input control gear 40 meshes with a ring 

35 gear 21 of control differential 20 for imposing differ- 
ential rotation on the system. Gear 40 is preferably a 
worm gear, and ring gear 21 is preferably a worm wheel so 
that ring gear 21 turns only when gear 40 turns. 
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Gear 40 can be turned by several mechanisms, 
depending on the objective. For steering purposes, gear 
40 can be turned by a steering shaft joined to control 
gear 40 emd manually turned by a driver. Steering 
mechanisms oan also use motors for turning gear 40. 
^ Alternatives include a DC steurt:er motor 41 electrically 
tximed via a rheostat in a steering system and a 
hydraulic or pneumatic motor 41 tximed by a vehicle's 
hydraulic or pneumatic system in response to a steering 
control • 

Our invention can also be applied to a wheel 
dynamometer 50 as schematically shown in FJ6. 2. For 
such purpose, the drive axle 51 being tested by the 
dynamometer provides axle shafts 16 and 17 and axle 
differential 15, which need not be an unlimited slip 
differential and can be a no-slip differential such as 
disclosed in U.S. Patent No. 2,859,641. Power applied 
via input shaft 11 turns axle shafts 16 and 17, which can 
be subjected to varying loads by wheel dynamometer 50. 

Previous wheel dynamometers have caused differ- 

20 

ential rotation of axle shafts 16 and 17 by subjecting 
them to different loads. This will not work with the 
differential of U.S. Patent No. 2,859,641, which applies 
more power to the more heavily loaded axle shaft. 

Our invention can apply differential rotation 

25 

directly and realistically to axle shafts 16 cuid 17 via 
control differential 20 cUid its control shafts 22 and 
23. These are connected to axle shafts 16 and 17 for 
same and opposite direction rotation as explained eO^ove; 
and when turned by control gear 40 rotated by motor 41, 

30 

control shafts 22 and 23 impose differential rotation on 
axle shafts 16 and 17. 

Several drive interconnections are possible 
between the control shafts and the axle shafts of the 
test axle mounted on wheel dynamometer 50. One preferred 
arrangement shown in FIG. 2 uses meshed gears 26 and 32 
fixed respectively to test axle shaft 16 and control 
shaft 22 for opposite direction rotation. Sprockets 57 
and 53, coupled by a chain 54 and fixed respectively to 
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test axle shaft 17 and control shaft 23, provide sane 
direction rotation. Belts and other gearing arrangements 
are also possible. 

NO-SLIP, IMPOSED DIFFERENTIAL OPERATION 
g Two important effects occur from the intercon- 

nection of control differential 20 and its control shafts 
22 and 23 with axle differential 15 and axle shafts 16 
and 17. One is a no-slip drive that prevents wheels or 
tracks from slipping unless slippage occurs on both sides 
10 °^ vehicle at once. The other effect is imposed 
differential rotation that can accomplish steering to 
pivot or turn a vehicle. 

The no-slip drive occurs because axle shafts 16 
and 17 are geared together via differential 20. Power 
applied to an axle shaft on a side of the vehicle that 
has lost traction is transmitted to the connecting con- 
trol shaft on that side, through differential 20 to the 
opposite control shaft, and back to the opposite axle 
shaft where it is added to the side having traction. So 
if one axle shaft loses traction, the opposite axle shaft 
drives harder; and the only way slippage can occur is if 
both axle shafts lose traction simultaneously. 

To elaborate on this, consider a vehicle 
rolling straight ahead with its axle shafts 16 and 17 

25 turning uniformly in the same direction. Control gear 40 
is stationary for straight ahead motion; and since control 
gear 40 is preferably a worm gear, worm wheel 21 of 
control differential 20 cannot turn. Control shafts 22 
and 23, by their driving connections with the axle shafts, 

30 differentially in opposite directions, which con- 

trol differential 20 accommodates. 

Axle differential 15 equally divides the power 
input from shaft 11 and applies one-half of the input 
power to each axle shaft 16 and 17. If the track or 
wheel being driven by axle shaft 16 loses traction, it 
cannot apply the power available on shaft 16 and tends to 
slip. Actual slippage cannot occur, however, because axle 
shaft 16 is geared to control shaft 22. So if a wheel or 
track without traction cannot apply the power on shaft 16, 
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this is transmitted to control shaft 22, which rotates in 
an opposite direction from axle shaft 16. Since ring 
gear 21 cannot turn, rotational power on control shaft 22 
is transmitted through differential 20 to produce oppo- 
5 site rotation of control shaft 23. This is geared to 
axle shaft 17 via idler gear 25 so that power on control 
shaft 23 is applied to axle shaft 17 to urge shaft 17 in 
a forward direction driving the wheel or track that has 
traction and can accept the available power* Since only 
3^0 one-half of the full available power can be transmitted 
from one axle shaft to another via differential 20 and 
its control shafts , these can be sized to bear one-half 
the force borne by axle differential 15 and its axle 
shafts • 

Of course, unusable power available on axle 
shaft 17 because of a loss of traction on that side of 
the vehicle is transmitted through the same control shaft 
and control differential route to opposite axle shaft 16. 
This arrangement applies the most power to the wheel or 

20 track having the best traction, which is ideal for 
advancing the vehicle. The wheel or track that has lost 
traction will maintain rolling engagement with the ground 
while the other wheel or track drives. The only time 
wheels or tracks can slip is when they both lose traction 

25 simultaneously. 

To impose differential rotation on a'iCle shafts 
16 and 17 for pivoting or turning the vehicle, it is only 
necessary to rotate control gear 40. This differentially 
rotates axle shafts to turn or pivot the vehicle because 

30 of the different distances traveled by the differentially 
rotating wheels or tracks on opposite sides of the 
vehicle. Steering controlled by rotating gear 40 can be 
applied to track-laying vehicles and wheeled vehicles 
that steer without using turning wheels. It can also be 
,35 used for differentially rotating drive wheels or tracks 
to provide power-assisted steering for a vehicle that 
also has turning wheels. 

Whenever control gear 40 turns, it rotates ring 
gear 21, which turns the casing of differential 20 to 


wo 91/10585 


PCr/US90/00297 


- 9 - 

rotate control shafts 22 and 23 in the same direction. 
The connection of control shafts 22 and 23 with axle 
shafts 16 and 17 converts the same direction rotation of 
control shafts 22 and 23 to opposite differential 
5 rotation of axle shafts 16 and 17, as accommodated by 
axle differential 15. This drives wheels or tracks 
forward on one side of the vehicle and rearward on the 
other side of the vehicle, depending on the direction of 
rotation of control gear 40. 

10 Such differential rotation is added to whatever 

forward or rearward rotation of the axle shafts is occur- 
ring at the time. So if a vehicle is moving forward or 
backward when control gear 40 turns, the differential 
rotation advemces and retards opposite axlB shafts and 

15 makes the vehicle turn. 

If a vehicle is not otherwise moving when 
control gear 40 turns, wheels or tracks go forward on one 
side and backward on the other side so that the vehicle 
pivots on a central point. This is schematically 

20 illustrated in PIG. 3 for a vehicle having a pair of 
tracks 75 and 76. Both tracks can have a rolling engage- 
ment with the ground as the vehicle rotates around a 
center point 77 by driving right track 76 forward and 
left track 75 rearward. The tracks experience some heel 

25 and toe scuffing, but this is less stress than if one 
track were braked still and the other driven. The pivot 
turn also spins the vehicle on one point 77, without re- 
quiring motion in any direction as must occur when one 
track is braked and euiother is driven. 

30 Pivot turns can also be made with wheeled 

vehicles, such as tractors, loaders, forklifts, etc. 
Many of these now have turning wheels that could advanta- 
geously be replaced by non-turning wheels steered by 
imposed differential rotation according to our invention. 
To accommodate such vehicles, our invention can be applied 
to more than one drive axle powering more than one pair 
of drive wheels. Evidence indicates that pivot-turning 
capability can save considerable time for loaders, trac- 
tors, and forklifts compared to turning patterns requiring 
forward and rearward motion. 
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REDUCTION DRIVE SYSTEMS 

Our no-slip steer drive can also be applied to 

vehicles with reduction gear drives where .it can take 

advantage of differential capeQ^ility of a reduction gear 

. system to eliminate conventional differentials. One 
o 

preferred way of doing this is shown schematically in 
FIG. 4. . 

By using a pair of reduction gear systems 60 
and 61 that also have differential capacity, as explained 
more fully below, both driving and steering control torque 
can be input directly into differential reduction gears 
60 and 61. These differentially combine the driving and 
steering torques to rotate reduction drive members 64 and 
65 respectively turning drive elements 62 cOid 63, which 
can be wheels or track sprockets that advance and steer a 
vehicle in the way described above. 

Driving torque can input same direction rotation 
into differential reduction gears 60 and 61 directly from 
drive shaft 11, gear 12, and gear 18 turning shaft 48 as 

2Q shown by the sorrows from moving the vehicle either forward 
or reverse. steering control torque, derived from 
< steering control motor 41 turning worm 40 and worm wheel 
42, oan be input via gears 43-45 to produce counter- 
rotation of steering control shafts 46 and 47 oppositely 

25 turning elements of differential reduction gear systems 
60 and 61 to produce differential rotation for steering 
purposes. Gear systems 60 and 61 differentially combine 
emd reduce the driving and steering control torques and 
apply the result to drive elements 62 and 63. There are 

3Q also many other ways that same direction driving torque 
and opposite direction steering control torque can be 
input to differential reduction gears 60 and 61. Among 
them is a solid shaft inputting steering torque to one 
differential reduction gear directly and to another 

35 differential reduction gear via a torque reversing idler 
gear. 

By using worm 40 and worm wheel 42, shafts 46 
and 47 can be rotated by steering control input to turn, 
but not be turned by elements of reduction gear systems 


wo 91/10585 


PCr/US90/00297 


- 11 - 

60 and 61. Another way to accomplish the same effect is 
to meJce steering motor 41 a hydraulic motor driving gear 
43, which then ceuinot turn motor 41. Either way, it is 
important to hold steering control shafting against 
rotation except when differential rotation is required 
for turning and is supplied by a steering control input. 

Differential reduction gear systems 60 and 61 
can have many different forms as shown in FIGS. 5--8. 
Both planetary and non-planetary differential reduction 
gears are possible, and inputs and outputs for these can 
be arranged in various ways. 

FIG. 5 schematically shows one preferred way of 
applying our invention to a planetary reduction drive 
suitable for a sprvmg vehicle. Drive shaft 48 extends 
through socle housing 49 and drives sxin gear 66. Steering 
shaft 46 extends through a brake assembly 70 secured to 
housing 49 and turns a gear 71 meshed with a gear 69 
keyed to planetary ring gear 68. This applies steering 
control torque to planetary ring gear 68 surrounding 
driving torque sun gear 66. In between these is an array 
of preferably three plsmet gears 67 (one of which is 
shown) that turn a housing hub 64 at a reduced speed 
applied to drive element 62 in the form of a wheel (only 
the inner portion of which is shown) . A breOce 72 in 
brake assembly 70 can brake wheel 62, and the planetary 
reduction gear system is arranged well outboard into the 
wheel to allow a wide stance for springs supporting the 
vehicle. 

A similar planetary reduction gear arrangement 
is shown in FIG. 6 for an unsprxing vehicle having a main 
support housing 80 suitable for a track-laying vehicle. 
Again, driving torque is applied via shaft 48 to sun gear 
66 and steering control torque is applied via shaft 46 to 
gear 71 meshed with a gear 69 that turns planetary ring 
gear 68. Planet gears 67, rotating at a reduced speed 
between sun gear 66 and ring gear 68, turn rotor 73 and 
shaft 64, which can mount a drive sprocket (not shown) 
for advancing an endless track. A brake 72 can brake 
rotor 73. 
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As schematically suggested in FIG. 1 , steering 
control torque via shaft 46^ gear 71, .and ring gear 69 
can also be applied to planet gears 67 of' a planetary 
reduction gear system receiving driving torque from shaft 
548 to sun gear 66. This produces reduced rotation of 
planetary ring gear 68 which turns a drive element in the 
form of a sprocket or wheel 62. It is also possible to 
input driving torque to the planets or ring of a planetary 
reduction gear, while inputting steering control torque 
^^td an element not receiving driving torque, and have the 
remaining element combine the two torques differentially . 
and apply the result to a wheel or sprocket. 

Bevel and spur gear differentials can also be 
used in reduction drive systems according to our inven- 
ts tion, as schematically suggested in FIG. 8. Driving 
torque on shaft 48 can be input to side gear 82, and 
steering control torque on shaft 46 ceui be input via gear 
71 and ring gear 69 to opposite side gear 83. Differen- 
tial rotation of side gears 82 euid 83 provides a reduced 
20 drive output at the differential hub casing 84 for turning 
a sprocket or wheel 85. Spur gear differentials can also 
be used in place of a bevel gear differential such as 
shown in FIG. 8, and the two drive emd steering control 
torques can be input to different elements to cause dif f- 
erential and reduced rotation of an output. 
PIVOT TURNING 

Pivot turns can be power assisted or powered 
totally by driving torque to be executed more rapidly. 
Since a vehicle is not using driving torque for forward 
or rearward movement when pivot ttxming occurs, driving 
torque is available for powering pivot turns; and FIG. 9 
schematically shows a preferred way of accomplishing this. 

A power take-off 92 from a transmission 91 or 
main propulsion engine 90 rotates clutch parts 93 and 
94. Either of these can be engaged with its counteirpart 
95 and 96, each of which are meshed with bevel gear 97 
rotating with worm gear 40. To apply driving torque to a 
pivot turn in one direction, clutch part 93 is meshed 
with clutch part 95 to turn bevel gear 97 in the desired 
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direction for rotating worm gear 40 and worm wheel 42. 
Steering control motor 41 can be tinclutched for engine 
powered pivot tiims or can combine its torque with the 
torque provided via bevel gear 97. For applying propul- 
sion torque to power a pivot turn in an opposite direc- 
tion, clutch part 94 meshes with its counterpart 96, 
driving bevel gear 97 in an opposite direction and turning 
worm 40 and worm wheel 42 in an opposite direction. 

A power take-off can be derived from many points 
along the main propulsion drive train, including engine 
90, transmission 91, and other points. A power take-off 
can be made to turn continuously or be operated only when 
needed for pivot turns. The engagement of clutch parts 
93 and 94 can be made responsive to full turn of a steer- 
Ing wheel, calling for a pivot turn; and any engagement 

15 

of clutch parts 93 and 94 can be locked out during f -rward 
or rearward movement of the vehicle, if desired. Propul- 
sion assisted pivot turning can also be applied to worm 
wheel 42 by a worm gear separate from steering control 

2^ input worm gear 40, and different clutch arrangements can 
be used for engaging and disengaging the diversion of 
drive torque for pivot turning. Applying drive torque to 
the steering control input allows pivot turns to be 
accomplished more rapidly than would be possible with a 

22 small sized steering control motor 41, adequate for 
forward and rearward steering. 

WORM INPUT OF STEERING TORQUE TO REDUCTION DRIVES 
We have discovered several advantages from 
using worm inputs for applying steering control torque to 

3Q differential reduction gears. Worm gears inputting 
steering control torque to worm wheels of the differen- 
tial reduction gears accomplish a substantial reduction 
that allows smaller steering control shafting to extend 
from a steering control motor to the reduction drives. 

35 Also, since worm wheels cannot rotate worm gears, the 
reduction drives cannot rotate the steering control 
shafting and are held against rotation, except when 
steering torque is input for turning purposes. The 
steering control shafting can be simplified; and since 
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input gearing is necessary to apply steering torque to 
reduction gear drives emyway, a significemt economy is 
achieved by making such an input in the form of worm 
gears and worm wheels. 
5 FIG. 10 shows how a simple modification can be 

made to the embodiment of FIG. 6 to convert the reduction 
drives to receive steering torque from worm gears. 
Instead of ring gear 69 meshing with spur gear 71, as 
shown in FIG. 6, ring gear 69 is converted to worm wheel 

10 111 and is meshed with worm gear 110, which is rotated by 
steering control shaft 46, via a meshed set of bevel 
gears 112 and 113. These accommodate the angle necessary 
between shaft 46 and the axis of worm gear 110, which is 
normally perpendicular to the axis of worm wheel 111. 

The embodiments of FIGS, 7 and 8 can be 
converted to worm gear and worm wheel input, in a way 
similar to that shown in FIG. 10, for the embodiment of 
FIG. 6. In each case, ring gear 69 is converted to worm 
wheel 111 and spur gear 71 on shaft 46 is converted to 

20 worm gear 110, driven by bevel gears 112 and 113 that 
rotate with shaft 46. As these alternatives make clear, 
any element to a differential reduction gear or planetary 
reduction geso: can be combined with a worm wheel to 
receive steering control torque via a worm gear. In each 

25 case, worm and worm wheel inputs are provided to each of 
the differential reduction gears, on each side of the 
vehicle; and the gearing is arranged so that steering 
torque cotinterrotates input elements of opposite 
reduction drives. 

One preferred form of worm input of steering 
control torque to opposite differential reduction drives 
is schematically shown in the embodiment of FIG. 11. An 
input element of each of the reduction drives is combined 
with a worm wheel 111, and each of these is meshed with a 

25 worm gear 110. Bevel gears 112 and 113 rotate worm gears 
110, when steering control shaft 46 rotates, and this 
produces counterrotation of worm wheels 111 for equal and 
opposite steering input to the reduction drives, as 
explained above. With a single steering control shaft 46 
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tiiming bevel gears 113 arranged inside of bevel gears 
112, as shown in solid lines in PIG. 11,. bevel geeurs 112 
counterrotate. Then if each worm gear 110 is right hand 
threaded, worm wheels 111 cotinterrotate, as desired. 
5 Right and left hand worm gears can also be used in pairs, 
and counterrotation of worm wheels 111 can be established 
by moving one of the bevel gears 113 to the opposite side 
of one of the bevel gears 112, as shown in broken lines 
at the right side of FIG. 11. 
10 Steering control motor 41 turns steering con- 

trol shaft 46 via bevel gear 114 to accomplish differen- 
tial rotation of the reduction drives, for steering the 
vehicle. When steering motor 41 is not turning, and the 
vehicle is proceeding straight ahead, steering control 
15 shaft 46 does not rotate, emd the steering input worm 
gears 110 are held still. This locks worm wheels ill 
against differential rotation so that the reduction drives 
respond only to driving torque and advance equally, moving 
the vehicle straight ahead. 

A power take-off 115 from the main propulsion 
drive is preferably clutched and unclutched for rotating 
bevel gear 114 and steering control shaft 46, for propul- 
sion drive-assisted pivot turning, as explained above. 
To ensure that pivot turns are precisely made, pivot turn 
2S brake 120 can be applied to transverse drive shaft 48, to 
ensure that drive torque inputs to the reduction drives 
are held still as steering torque is applied for pivot 
turning. There are several locations along the drive 
train where pivot turn brake 120 can be applied. 

Another embodiment of worm input of steering 
control torque to differential reduction drives is shown 
in FIG. 12. since a worm input of steering control torque 
naturally spaces transverse drive shaft 48 and steering 
control shaft 46 well apart, the drive train can take 
advantage of the well-known expedient of arranging a drive 
transmission on a hollow shaft 101 so that transmission 
91 and shaft loi are concentric with transverse drive 
shaft 48. Main propulsion engine 90 can also be arranged 
transversely, as is common in front wheel drive vehicles. 
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SO that transmission 91 is along- side engine 90 on drive 
shaft 48 and is connected to engine 90 by suitable gears 
102 and 103. 

Power take-off 115 can conveniently be derived 
5 from transmission 91, for applying drive torque to steer- 
ing control shaft 46, which steering motor 41 normally 
turns. Power take-off 115 is preferably clutched and 
unclutched for pivot turning purposes, as explained 
above; and suitable gears 104, 105, and 106 can apply 

10 either driving torque from power take-off 115 or steering 
torque from motor 41 to rotation steering control shaft 
46* This is input to worm wheels 111 by worm gears lio 
rotating with meshed bevel gears 112 and 113, as 
explained cO^ove. 

The arrangement of FI6. 12 takes advantage of 
the familiar asrrangement of engine 90 and transmission 91 
relative to a transverse drive shaft 48, which can be 
accomplished in our steer drive system, because steering 
control shaft 46 is well spliced from transverse drive 

20 shaft 48. If shafts 48 and 46 need to be elevated for 
ground clearance purposes, gearing from the differential 
reduction drives can be extended downward to wheels or 
sprockets. There are many other ways that engine 90, 
transmission 91, power take-off 115, and steering motor 

25 41 can be interconnected for rotating drive shaft 48 and 
steering control shaft 46 in our steer-driven reduction 
drive system, and the illustrated gearing shows only one 
example. 

The arrangement of FIG. 13 uses counterrotating 
3Q steering control shafts 46 and 47, similar to the ones 
illustrated in FIG. 4. These are rotated through bevel 
gears 114 by steering control motor 41, for normal 
turning, and by power take-off 115, for power-assisted 
pivot turns. The counter rotation of shafts 46 and 47 
35 turns bevel gears 112 in the ssuae direction so that right 
hand and left hand worm gears 110 are needed to counter- 
rotate worm wheels 111. An alternative possibility is to 
make both woina gears the same and to mesh one of the 
bevel gears 113 on the opposite side of one of the bevel 
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gears 112, as shown in broken lines, to establish 
counterrotation of worm wheels 111. 

In the embodiment of FIG* 14, .a pair of 
steering control motors 141 are arranged coaxial ly with 
worm gears 110 for sharing the steering control load. 
5 Worm gears 110 are rotationally interconnected by 

steering control shaft 46 and sets of meshed bevel gears 
112 and 113, at end regions of control shafting 46. 
Drive torque from power take-off 115 is used to rotate 
steering control shaft 46, via bevel gear 114, for 

10 propulsion drive-assisted pivot turning. 

In addition to a pair of steering control 
motors 141, directly rotating worm gears 110, as shown in 
FIG. 14, it is also possible for a single steering control 
motor to have rotatable shafting extending from each end 

15 and spanning the distsoice between worm gears 110. Such a 
steering control motor would then be concentric with 
steering control shaft 46, like transmission 91 is con- 
centric with transverse drive shaft 48, in the embodiment 
of FIG. 12. 

20 In any of the above embodiments, it is possible 

to use variations. For example, it is possible to change 
gearing angles, to substitute hypoid gears for bevel 
gears, to use different forms of gearing, to arrange 
pivot turn brake 120 at various places along the drive 

25 torque train, to derive torque for power take-off 115 
from various places along the drive torque train, and to 
establish the desired direction of rotation by varying 
the gearing. 


35 
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WE CLAIM: 


1. A steer-driven reduction drive system 


a. a pair of differential reduction drives 
arremged respectively on opposite sides of 
a vehicle, each of said reduction drives 
having a worm wheel Input used exclusively 
for Input of steering control torque to 
said reduction drives; 

b. a pair of worm gears meshed respectively 
with each of said worm wheel Inputs to 
said reduction drives; 

c. a steering control shaft spanning the dis- 
tance between said worm gears; 

d. bevel gears on end regions of said control 
shaft being meshed respectively with bevel 
gears txirning with said worm gears so that 
said worm gears are rotationally intercon- 
nected by ^id.d /Steering control shaft to 
produce equal and opposite rotation of 
said worm wheels; and"^ ' 

e. a steering motor for rotating said worm 
gears to input steering control torque to 
said reduction drives so that said worm 
wheels rotate said differential reduction 
drivets for combining said steering control 
torque with driving torque Input to said 
differential reduction drives. 


2. The system of claim 1 wherein said steering 
motor is arranged for turning said control shaft. 

3. The system of claim 1 wherein said steering 
motor includes a pair of steering motors arranged for 
respectively rotating said worm gears. 

4. The system of claim 1 including a power take- 
off for applying drive torque to said steering control 
shaft for propulsion drive-assisted pivot turning. 

5. The system of claim 1 wherein said reduction 
drives are planetary, and said worm wheels are combined 
with ring gears of said planetary reduction drives. 


comprising: 


10 
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6* The system of claim 1 including a pivot turn 
brake for braking a driving torque input to said 
reduction drives. 

7. The system of claim 1 including a transverse 
drive shaft extending between said differential reduction 

5 

drives for inputting driving torque to said differential 
reduction drives, said drive shaft and said control shaft 
being spaced apart enough to accommodate a drive speed 
transmission arrainged coaxially of said drive shaft. 

8. A steer-driven differential reduction drive 
system including left and right side differential 
reduction drives for receiving and combining driving 
torque and steering torque applied to left and right side 
traction elements, said system comprising: 

a. steering torque, receiving elements of each 
of said differential reduction drives 
being formed as worm wheels; 

b. said steering torque being input to said 
differential reduction drives by a pair of 
worm gears respectively meshed with said 
worm wheels and rotated to turn said worm 
wheels to apply said steering torque to 
said differential reduction drives; and 

c. a rotational interconnection arranged 
between said worm gears to ensure that 
said worm gears turn together and input 
said steering torque to said differential 
reduction drives in an equal and 
respectively opposite sense that makes 
said steering torque combinable with said 
driving torque in said differential 
reduction drives for steering purposes. 

9. The system of claim 8 wherein said rotational 
interconnection of said worm gears includes steering 
control shafting between two sets of bevel gears turning 
respectively with said worm gears. 

10. The system of claim 9 wherein a steering motor 
turns said rotational interconnection. 


20 
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11. The system of claim 8 including a clutched 
system for diverting said driving torque, to said worm 
gears for pivot turning. 

12. The system of claim 11 wherein said driving 
5 torque is applied to said rotational interconnection. 

13. The system of claim 8 including a pair of 
steering control motors respectively driving said worm 
gears. 

14. The system of claim 13 wherein said rotational 
10 interconnection of said worm gears includes steering 

control shafting between two sets of bevel gears tiiming 
respectively with said worm gears. 

15. The system of claim 8 wherein said reduction 
drives are planetary, and said worm wheels are combined 

15 with ring gears of said planetary reduction drives. 

16. The system of claim 8 including a brake for 
locking input of said driving torque to said planetary 
reduction drives during a pivot turn. 

17. The system of claim 8 including a drive shaft 
' extending between drive inputs of said differential 

reduction drives, and a drive speed transmission arranged 
coaxially with said drive shaft for applying driving 
torque to said drive shaft. 

18. In a steer drive system for a vehicle having a 
2^ pair of differential reduction gears €a:ranged 

respectively on opposite sides of said vehicle for 
turning opposite drive elements of said vehicle, a drive 
shaft for transmitting driving torque to driving inputs 
of both of said reduction gears, and a steering control 
for transmitting steering control torque to steering 
inputs of both of said reduction geairs, the improvement 
comprising: 

a. said steering control torque being input 

to said differential reduction gears by a 
35 , 

pair of worm gears respectively meshed 

with worm wheels forming said steering 

inputs of said differential reduction 

gears so that said steering control torque 

is rotationally combined with said driving 
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torque by said differential reduction gears; and 
b. steering control shafting being rotation- 
ally* connected to both of said worm gears 
to ensure that said worn gears rotate 
g equally and in unison as said worm wheels 

input said steering control torque in a 
respectively opposite sense to said 
differential reduction gears. 

19. The improvement of claim 18 including a power 
take-off for diverting said driving torque to said worm 
gears for propulsion drive-assisted pivot turning. 

20. The improvement of claim 19 wherein said 
driving torque is applied to said steering control 
shafting. 

3^5 21. The improvement of claim 19 including a brake 

arranged for preventing rotation of said driving inputs 
during said propulsion drive-assisted pivot turning. 

22. The improvement of claim 18 including two sets 
of meshed bevel gears turning respectively with said worm 

2Q gears and said steering control shafting. 

23. The improvement of claim 22 wherein said 
steering control shafting is a single shaft carrying two 
bevel gears respectively meshed with bevel gears on each 
of said worm gears. 

25 24. The improvement of claim 18 including a pair of 

steering control motors respectively turning said worm 
gears. 

25. The improvement of claim 18 wherein said 
reduction gears are planetary, and said worm wheels are 
combined with ring gears of said plcuietary reduction 
gears . 

26. The improvement of claim 18 including a pivot 
turn brake arranged for preventing rotation of said 
driving inputs of said planetary reduction gears during 
pivot turning. 

27. The improvement of claim 18 wherein said drive 
shaft is spaced far enough from said steering control 
shafting to accommodate a drive speed transmission 
arranged coaxially with said drive shaft. 


30 
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28. The improvement of claim 27 including a power 
take-off for diverting driving torque from said 
transmission to said steering control shafting for 
propulsion drive-assisted pivot turning. 

- 29. A method of inputting steering control torque 
to a pair of steer-driven differential reduction gear 
drives arranged respectively on opposite sides of a 
vehicle driven by drive torque input to said reduction 
drives, said method comprising: 

a. applying said steering control torque to a 
pair of worm gears meshed respectively 
with worm wheels serving as steering 
control input elements of said respective 
differential reduction drives so that 
steering rotation of said worm wheels is 
combined with said drive torque by said 
differential reduction drives; and 

b. rotationally interconnecting said worm 
gears with steering control shafting that 

20 turns with said worm gears and ensures 

that said worm gears rotate together as 
they input said steering control torque to 
said worm wheals of said differential 
reduction gears. 
25 30. The method of claim 29 including turning said 

steering control shafting with a steering control motor 
to rotate said worm gears. 

31. The method of claim 29 including connecting 
said steering control shafting with said worm gears via 

30 two sets of meshed bevel gears. 

32. The method of claim 29 including using a pair 
of steering control motors for applying said steering 
control torque to said worm gears. 

33. The method of claim 29 including using a power 
35 tcdce-off for applying said drive torque to said steering 

control shafting for pivot turning said vehicle with said 
drive torque. 

34. The method of claim 33 including clutching and 
unclutching said power teJce-off . 
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35. The method of claim 29 including making said 
reduction gears planetary and using said worm wheels as 
ring gears of said respective planetary reduction gear 
drives . 

36. The method of claim 29 including braking said 
5 driving torque inputs to said planetary reduction drives 

during pivot turning. 

37. The method of claim 29 including using a 
transverse drive shaft extending between drive inputs to 
said reduction drives and arranging a drive speed trans- 

0 mission coaxially with said transverse drive shaft. 
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